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Abstract and Introduction 
Abstract 

Diastolic heart failure is defined clinically when signs and symptoms of heart failure are present in the presence of preserved k 
systolic function (ejection fraction >45%). The incidence and prevalence of primary diastolic heart failure increases with age an 
high as 50% in the elderly. Age, female gender, hypertension, coronary artery disease, diabetes and increased body mass ind. 
factors for diastolic heart failure. Hemodynamic consequences such as increased pulmonary venous pressure, post-capillary p 
hypertension, and secondary right heart failure as well as decreased cardiac output are similar to those of systolic left ventricul 
although the nature of primary left ventricular dysfunction is different. Diagnosis of primary diastolic heart failure depends on th 
preserved left ventricular ejection fraction. Assessment of diastolic dysfunction is preferable but not mandatory. It is to be note< 
levels of B-type natriuretic peptide does not distinguish between diastolic and systolic heart failure. Echocardiographic studies 
recommended to exclude hypertrophic cardiomyopathy, infiltrative heart disease, primary valvular heart disease, and constricti 
Myocardial stress imaging is frequently required to exclude ischemic heart disease. The prognosis of diastolic heart failure is v. 
related to age, severity of heart failure, and associated comorbid diseases such as coronary artery disease. The prognosis of s 
heart failure is similar to that of systolic heart failure. However, cautious use of diuretics and/or nitrates may cause hypotensior 
state. Heart rate control is essential to improving ventricular filling. Pharmacologic agents such as angiotensin receptor blocker 
converting enzyme inhibitors, and calcium channel blockers are used in selected patients to decrease left ventricular hypertrop 
decrease myocardial fibrosis, aldosterone antagonists have a potential therapeutic role. However, prospective controlled studic 
required to establish their efficacy in primary diastolic heart failure. 

Introduction 

It is well established that the syndrome of heart failure can occur in the presence of both preserved and depressed ventricular 
function P - 2 ) Primary diastolic heart failure is diagnosed when left ventricular (LV) ejection fraction is normal or near normal ant 
systolic heart failure is diagnosed when there is a decrease in LV ejection fraction. It should be appreciated, however, that abn 
diastolic or systolic function do not always cause clinical heart failure. Furthermore, in both primary systolic and diastolic heart 
indices of systolic and diastolic function may be abnormal. For example, in dilated cardiomyopathy with a marked increase in v 
diastolic pressure, a restrictive transmural flow pattern (diastolic dysfunction) is frequently present. Similarly, in primary diastolic 
although the ejection fraction is normal, myocardial contractile function may be depressed. It is also recognized that the phase 
following completion of ejection until the closure of the semilunar valves (hang-out time) is related to myocardial relaxation. Thi 

relaxation and rapid filling phases are also markedly influenced by systolic function.^ Thus, systolic and diastolic phases and 1 
interdependent. 

The clinical manifestations and hemodynamic consequences of diastolic and systolic heart failure may be similar, although the 
pathophysiologic mechanisms are different. Decreased ventricular compliance (increased stiffness) and abnormal diastolic fillir 
principal functional abnormalities in patients with diastolic heart failure J 4,5 ) Decreased LV compliance is associated with a disp 
elevation of its diastolic pressure, which causes a passive increase in left atrial and pulmonary venous pressures, which produ< 
of pulmonary venous congestion. Passive increase in pulmonary artery pressure (post-capillary pulmonary hypertension), whe 
mechanism of secondary right ventricular failure associated with increased right ventricular diastolic and right atrial pressure ai 
symptoms of systemic venous hypertension. With a marked restriction in ventricular filling stroke volume may decline due to dc 
preload associated with signs and symptoms of low cardiac output. 

In primary systolic failure, a reduced LV ejection fraction is the initial functional derangement, which is associated with a dispro 
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Definition and Diagnosis of Primary Diastolic Heart Failure 
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fi " ing paUern ' abnormal P^^onary venous flow patterns). During radionuclide ve 
study to measure the LV ejection fraction, rt is also possible to assess diastolic function by determining the peak filling rate and 

It should be appreciated that clinical heart failure with preserved systolic function (diastolic heart failure) can be caused by hete 
pathophysiologic conditions. Hypertrophic cardiomyopathy, infiltrative cardiomyopathies such as amyloidosis, valvular heart di< 
constrictive pericarditis, endocardial fibroelastosis, and other forms of restrictive cardiomyopathy can cause similar clinical syn< 
may need to be excluded by specific investigations before the diagnosis of "primary" diastolic heart failure is established. The < 
that can be used in clinical practice are summarized in Iabie.3. 

Prevalence of Primary Diastolic Heart Failure and Associated Pathophysiologic Disorders 

The true incidence and prevalence of primary diastolic heart failure is difficult to estimate, as most studies are not prospective 
performed in referral institutions. In the Study of LV Dysfunction (SOLVD) registry, approximately 30% of patients with the diag 
fa.lure had preserved LV systolic functionJ 15 " 19 ] In a number of retrospective studies, the reported incidence of diastolic heart I 
between 20% : 40% J 15 J The community studies reported an incidence as high as 50%J 18 ) In all studies, however it has been o 
the incidence increases with age. In patients less than 60 years old, the incidence is about 'l5%-25%; between 60-70 years olc 
40 /o; and in patients 70 years old or older, approximately a 50% incidence of diastolic heart failure has been observed The in< 
higher in elderly women. The reasons for a higher incidence in females than in males are not entirely clear Why primary diastc 
more common in the elderly is also not clear. Age-related changes in the myocardial structure and function and changes in the 
neuroendocrine profile have been suggested as contributing factorsJ 20 ! 

In animal studies, it has been observed that myocardial cell size increases with age. The collagen content of the myocardium c 
The sarcoplasmic reticular calcium ATPase activity (SERCA), which is necessary for appropriate calcium reuptake and initiatio 
relaxation, has been found to be decreased in senescent hearts. The overexpression of SERCA in senescent hearts in transge 
has been shown to enhance myocardial relaxation and contractile function. The neuroendocrine changes with aging such as c 
adrenergic receptor density, decreased b-adrenergic inotropic response, and increased angiotensinogen and angiotensin-conv 
(ACE) concentrations and angiotensin receptors, may be contributing factors for myocyte hypertrophy and increased myocardi 
content. 

Age-related changes in vascular and cardiac function might also be contributing factors in the higher incidence of diastolic hea 
elderly population. The compliance of the aorta and of large- and medium-size arteries is substantially decreased. The reflecte 
arterial pulsation may be accentuated and may occur during systole, which increases the resistance to LV ejection, and may c< 
hypertrophy, which is associated with impaired diastolic function. Calculated LV mass is usually increased, but the contractile f 
ejection function remain unchanged. With aging, the early filling rate is decreased, which is compensated by increased late fillii 
evident from the decreased E/A ratio in the transmitral flow pattern. In the elderly population, the incidence of systolic hyperten 
which may be associated with LV hypertrophy, an important contributing factor to diastolic heart failure. Furthermore, in the eld 
incidence of coronary artery disease (CAD) also increases, which may produce ischemia-induced LV diastolic dysfunction The 
contributing factors in the genesis of diastolic heart failure are summarized in Table 4. 

"Primary diastolic heart failure" appears to be a "clinical syndrome" of the elderly. The most frequent etiologic association, part? 
elderly population, is hypertension with or without CAD (Table 5) J 21 l However, the incidence of clinically silent, significant CAC 
considerable in diastolic heart failure.^ 22 * Diabetes is also a relatively frequent pathophysiologic association. In African Americe 
obesity, and increased body mass index appear to be more important associations than in Caucasians (Table 6) J 23 J Thus the 
clinical profile may aid in the diagnosis of primary diastolic heart failure. Furthermore, it is relevant to the therapeutic interventic 
prevention of this syndrome. It should be emphasized that irrespective of race and gender, hypertension is the most frequent e 
association of primary diastolic heart failure and adequate control of hypertension is necessary to decrease its incidence. 

Prognosis of Primary Diastolic Heart Failure 

Prospective and controlled studies to assess prognosis and the natural history are lacking, and a wide range of mortality and n 
been observed.^ 15 ) In some studies, a 5-year mortality of 50% was observed and was similar to that of primary systolic heart ■ 
similar mortality rates in patients with diastolic and systolic heart failure in this study were independent of the incidence of hype 
CAD. In a community-based study, 1-, 2-,and 3-year mortality of 29%, 39%, and 60%, respectively, were reported J 24 ^ In contra 
patients with new-onset heart failure in the outpatient setting, 2-year mortality of patients with preserved LV systolic function w; 
significantly less than the 2-year mortality of patients with systolic heart failure (19%)J 25 J The hospitalization rates were also Icy 
with diastolic heart failure. The explanation for these wide differences in the observed incidences of mortality and morbidity in t 
not apparent. There are no obvious differences in race, gender, or age of the population studied, and the incidences of a histoi 
hypertension, diabetes, or CAD were also similar. The severity of clinical heart failure of patients in these studies might have b- 
which might explain, to some extent, the differences in the observed incidences of mortality and morbidity of primary diastolic r 
these studies. 
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failure. 

Myocardial ischemia resulting from atherosclerotic CAD is a major mechanism of diastolic heart failure. Therapies to relieve m> 
ischemia, either by decreasing myocardial oxygen demand (b blockers, nitrates, and calcium channel blockers) or by increasin 
SpXriSte^S Hkely l ° ^ beneficiaL However - improved outcome of such therapy needs to be demonstrate 

As the long-term prognosis of patients with overt and severe diastolic heart failure is poor, preventive therapy should be consic 
at high nsk of developing diastolic heart failure. Adequate treatment of hypertension, diabetes, and obesity and modification of 
factors tor CAD should be and can be employed in clinical practice to prevent primary diastolic heart failure. 

Conclusion 

Primary diastolic heart failure is more prevalent in the elderly and is associated with variable mortality and morbidity Hyperterv 
without CAD is the most frequent pathophysiologic association. CAD and increasing age are adverse prognostic factors Treai 
present, are largely symptomatic. There is a need for prospective, controlled studies to assess the usefulness of various therar 
intervenes that are employed empirically. Preventive treatment should also be considered. 
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Tabb I. Mecrenisms of hemodynamic Consequences in Primary Diastolic Heart Fait 


ilure 


LV cc ™P iarc ^tf^roportariale increase in LVDP^ passive increase in LAP^PVP (signs and 
symptoms of pulmonary venous congestion) ^postcapiHary pulmonary nypaiension^secondary RV feilure 
(sic/is and symptoms or systemic venous hyper&isiorO 

restriction of ventricular ti lling-KJ ecreased pneoad-xJecreased stroke volume and caraac output f sions and 
symptoms of low cardac output) 


LV=ietventicuiar; DP =dasto(ic pressure; LAP=lert atrial pressure: PVP=puimonary venous pressure; RV=*ight 
ventricular 
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Tabl*H.Cn^TorCorg_stte Heart Failure Used inthe Framirgrem Study* 

MAJOR CRrFERtA 

Minor Criteria 

Majoror minor Criteria 

Paroxysmal nocturnal dyspnea or 
orTiopnea 

Neck vein dste^on 

Rales 

Cardomegaly 

.Acute pulmonary edema 

^gallop 

hcreased venous pressures cm or 
water 

QncuiaUon 1me>25 sec 
Hepatojugiilar relux 

.Ankle edema 

Ndrtcoudr 

Dyspnea on 
ex en on 

Hepatomegaly 

Pleural effusion 

Vital capacity 
decreased one halt torn 
maximal capaciv 
Tachycardia 
rateor>i2CWrin) 

v/adrt loss >45 kg in 5 days 
in response to treatment 

r,^D^S^ a t?rSf™^ n ^E^ e l!? rt ^ i,urein * is SUJ ^ , « teo rrejor or one major and too minor criteria 
nadtobepnesentconcummtiy. Reprinted with perrrtss-on rom N EngtjMea. 1971;26S1 441-1 445 ♦ 
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Tabb II. Suggested Approacrgs inthe Diagnosis ot Prtrraiy Diastolic Heart Failure 


EWDEKCC of CoN^snve Heart Faiujfe ' ~— — ___ ___ 

Clinical evaluation 

Cardiopulmonary exercise test -along win pulmonary Tuncicn tests in selected patients 

Exercise hemodynamics in selected paients 

Determination or Drain natriuretic peptides in selected patients 

EWDENCE OF PRESERVED LST-VBVtRiCU-aR £*STOUC FUNCTION 

Echocardograpny pieteraDie) 

Fadonuclide ventriculography in selected patient; 

Contrast ventriculography in selected paients when card a c catheterfiation is perforrred tor other clinical 
tncica ions 

EMDBMCE OF DlASTOLC ChdSFVJNCTlON ^sDTIuiAhDATORY) 

Echo-Doppier studes fcrereraDle) 

Radonuclideventrtcuioprapny in selected patients 

cardac catheterization in selected paients 
To Exclude Specfic PathophysoloqcCokotions 
Examples: 

Hypertrophic cardiomyopathy: echocardography 

Constrictive pertcardtis .cardac catheterization , magnelc resonance angiography 

Amyloidosis: cardiac Biopsy 

restrictive cardomyopatny: cardac caihetaization 


Table 4. 
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Tabk IV. Ac/2-Reiated Charts in Myocardfe | structure and hte uroe rctoc lire , vase Ufa r, 
and Card&c Function 

Changes in Mtocaroal Structure — — - , 

Myocardial cell size: h creased 
eolagen content: hcreased 

Sarcoplasmic reticular calcium ATPase <SE FCA) activity : decreased 
Changs in K^urd endocrine function ' 

Decreased p-acrenerp;c reoeptr and (^androgo^ic inotropic; response 
hcreased anpjotensinogen 

hcreased angotensin-convering en2>meand angotensin receptors 
Changs in Vascular and Cardiac function 
Decreased arterial compliance 
Accentuated reflected or tidal aortic waves 
hcreased left ventricular mass 
unchanged contractility and ej'ecion taction 
Decreased early Wing and increased late llling 


Table 5. 
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Tabla V. D&stolto Heart Failure intre Community: Underlying Card avascular Diseases, Olmsted 
MNf!99&-1997) 

Lett ventricular ejecion Taction >45W — ~ _„ 
Females, 79.&tl 3.6 years 
Males, 75.St*j&.7 years 

KypertEnsion without coronary artery disease: 26 W 
Hypertension with coronary artery dsease: 36% 
Hypertension witn valvular heart disease: -\5% 
DaDetes:i&H 

Hypertropriicyrestlctfve cartfomyopathy : 3% 
Adapted witn permission trom Grcutxioji 2000ri02:ll-76Cf 1 
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Tab Is VI. Hea rt Fa il ure w &h Prese rved Systo ite Fu rcton in Africa n Arre ncarts: Tre ftole of D& betes Me tirtus 
and Obesity 



Caucasians 

AFRICAN AfcSil CANS 

Age c>«ears) 

71 JB±r12.9 

69.6±12J& 

Body surface area (m 4 ) 

1 £7*029 

1.974026- 

Body mass index $<gftrf) 

26.7*7.4 

31 .613 y 

Severe odesity (%) 

36 

57' 

Datetes (%) 

24 

37* 

coronary artery dseaser» 

31 

24 

H>po-tensSon («) 

57 

95 

•Statistical^ sigiilcant difference 
Adapted from CtrcctiXion. 2OO0nO2:iK7&1 4 * 
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T.bl.VU.Tm B ,» utt!0 » j , cttw , ana R«it*lTl..p*,idrP*.iy Bwmc Hurt nRut 


To Ftefieue Congestive symptoms 
STat?^^^^^^ W Winwrnos. andotensin II suotype 1 Bcckirg 
To innprove Myocardal RSaxatSon (Lu si tropic jflgsnts) 

Cmct? with positive inotropic effects 
Beta-acrenedc agon'sts 
Phospnodesterase inhibitors 
ACE inhibitors, AT, blockers 

To Decrease Hart Rate and tnprove Oastdic Filing 
Beta dockers 

Hfean rate- reflating calcium channel Dloc Jeers 
To Control Ventlcurar Respcnseancttr Maintain Snus Fhythm in Atria FMaton 
Beta Beckers 
Arrtoaarone 

Hsartrate-regjiatsng calcium channel blockers 
Atnoventncuiarnoaai attaicn and pacemaker merapy 
To Decrease Left ventricular Hypertrophy and Mass 

ACE inhibitors, AT, blockers 

Beta Beckers 

Calcium channel blockers 

Any dug effective tor adequate contra of hypertension 
To Decrease Myocardal fibrosis and collagen Content 
ACE inhibitors, AT, blockers 
Aldosterone antagonists 

To Decrease Myocardal ischemia 

£ ^o^^^fl^^ dSmand 1 aoc ^. nitrates, calcium channel bookers 
i o improve myocardal perfusion : revascularization therapy 

To Prevent Prtmary Dastolic Heart Paiure 

j^^tnr^tothy^rtensicn, dabetes, and cfcesity and rrcd1ca.cn oTotnerrlsk tactors 10r coren*y 
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